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Abstract
Access to potable water is vital for sustaining life and maintaining a robust economy. However, many surface and groundwater sources used for domestic purposes, including drinking, often face contamination by heavy metals. This study focused on the Omambala River in Otuocha, situated in the Anambra-East Local Government Area of Anambra State, to assess how seasonal changes affect heavy metal levels. The wet season samples were collected in July, August and September, 2023 while for the dry season, the samples were collected in December 2023, January and February, 2024. It was observed that the river experienced significant volume reductions during the dry season and notably increases in the wet season. The research aimed to evaluate whether the river water is safe for consumption, following the procedures outlined in the Standard Methods for the Examination of Water and Wastewater as specified by the American Public Health Association. The heavy metals analyzed included iron, lead, zinc, copper and aluminum. Test results showed iron levels at 0.014 mg/l and 0.013 mg/l in the dry and wet season respectively. Lead concentrations were recorded at 0.02 mg/l in the dry season and 0.03 mg/l in the wet season. Zinc levels were found to be 0.92 mg/l in the dry and 0.88 mg/l in the wet season. Copper measurements were 0.08 mg/l during the dry season and 0.09 mg/l in the wet season, while aluminum levels were 0.14 mg/l in dry and 0.13 mg/l in wet seasons. The study concluded that lead and iron concentrations were within WHO limits, showing no seasonal variation, while slight fluctuations in copper, zinc, and aluminum remained below permissible limits. The presence of these metals may stem from natural weathering or industrial discharge. Effective management of domestic and industrial waste discharges into the Omambala River is essential to minimize heavy metals contamination.
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1. INTRODUCTION
Potable water refers to water that is safe for human consumption, encompassing needs for drinking and various other purposes. It is a vital natural resource essential for maintaining life and supporting a healthy economy. The significance of potable water cannot be overstated, given its numerous advantages for both humans and ecosystems. It plays a crucial role in public health, whether utilized for drinking, domestic needs, food production, or recreational activities.
Water is deemed safe for consumption when the levels and types of microorganisms, along with physicochemical parameters and the level of heavy metals in it complied with the acceptable limits established by the World Health Organization (WHO). A significant global challenge is the availability of safe drinking water, with approximately one-third of the world's drinking water sourced from surface sources such as rivers, lakes, dams, and canals (Jonnalagadda and Mhere, 2001). Unfortunately, these water sources often also serve as disposal sites for domestic and industrial waste.
The contamination of water resources presents a significant risk to the sustainability of water supplies, potentially resulting in serious health problems such as kidney damage, liver failure, various cancers (including gastric and skin), mental health issues, and negative impacts on reproductive health (WHO, 2012). The harmful effects of non-potable water extend to public health, national productivity, quality of life, and socio-economic development, as water is a vital element for human survival and is also crucial for security and economic activities. 
According to the WHO (2012), approximately 1.1 billion people worldwide rely on unsafe water, resulting in around 1.7 million deaths annually, about 3.1% of global mortality and a potential annual disability burden of 54.2 million, or roughly 3.7%. This situation highlights the urgent need for access to safe water and the implementation of basic sanitation and hygiene practices. In developing countries, ensuring that drinking water is free from heavy metals presents a significant challenge. Heavy metals are a group of naturally occurring metallic elements that possess higher molecular weight and density than water (Tchounwou et al., 2012). While certain heavy metals, like iron, zinc, copper, and manganese, are essential for human health at low concentrations, they can become toxic in higher amounts. Conversely, other heavy metals, including arsenic, cadmium, lead, thallium and mercury, have no biological function. These heavy metals enter the environment through both natural processes and human activities. Although trace amounts are typically found in rivers, their concentrations have significantly increased due to anthropogenic activities such as coal mining, leather manufacturing, metal processing, agriculture and industrial waste disposal (Xu et al., 2024).
To eliminate harmful heavy metals from water, various treatment processes are typically employed, including adsorption, coagulation, ion exchange, chemical precipitation, membrane filtration, and electrochemical methods aimed at heavy metal removal (Zamora-Ledezma et al., 2021). The issue of potable water scarcity is a significant concern both locally and globally. Despite the efforts outlined by the United Nations Sustainable Development Goals 6 (SDG-6) to ensure access to clean drinking water for all, emphasizing its critical role in hygiene and disease prevention, significant disparities persist in access to safe drinking water. Currently, over 80 countries continue to experience water scarcity, which adversely impacts their public health and economic stability (WHO, 2012). 
Climate change significantly threatens the availability and quality of water resources, as long-term shifts in temperature and rainfall patterns introduce new stressors that can impact water resource management (Nijhawan et al., 2022). These persistent changes in average temperatures and weather patterns affect both micro and macroclimates on earth together with human activities, contribute to increased concentrations of metals in rivers. This alteration also affects heavy metal levels in surface waters by changing runoff, solubility, and metal speciation due to fluctuations in temperature and precipitation. Intense rainfall can lead to greater erosion and transport of metals, while elevated temperatures enhance the solubility of these metals, potentially increasing their bioavailability (Takalani et al., 2024). In Nigeria, the climate is typically divided into two seasons: the wet and dry seasons. The wet season is characterized by substantial rainfall, varying across the country; for example, the southern region experiences heavy rains much earlier than the north. During this period, the southern coast can receive over 150 millimeters of rainfall, while the northern Sahel region may only see about 20 millimeters, reflecting the distinct climatic conditions of these areas. The wet season, or summer, typically begins around March and lasts until the end of July, with peak rainfall occurring in June. This is followed by a short dry spell known as the August break, lasting two to three weeks. Subsequently, a short rainy season commences in early September and continues until mid-October, peaking at the end of September. The conclusion of this short rainy season transitions into a prolonged dry season (Daniel, 2015).

The dry season, occurring from late October to early March, reaches its peak from early December to late February. During this time, the weather is characterized by hot, sunny days and minimal rainfall. Daytime temperatures typically average around 100 degrees Fahrenheit, while nighttime temperatures can drop to 54 degrees. A notable feature of this season is the Harmattan wind (Daniel, 2015). 
Omambala River which is being studied is at the South-Eastern part of Nigeria. Many communities in the Omambala region depend on untreated or inadequately treated water from the river for their daily needs, putting them at a significant risk of waterborne diseases (Okoye et al., 2024). Therefore, it is essential to assess the water quality of the Omambala River, as it serves the residents of several surrounding communities for domestic, recreational, and agricultural activities, in order to prevent outbreaks of water-related diseases.
2. MATERIALS AND METHODS
2.1 Study Area
The research work was on Omambala River, which is situated at Otuocha, in Anambra -East Local Government Area of Anambra State. The Omambala River is an alternative source of drinking water supply for the communities living around the river. The geographical coordinates are 6.0299oN and 7.1626oE.The region is characterized by a warm wet season which is associated with high temperatures up to 40°C usually between October and March (with peak precipitation in January and February) and cold dry season (April-September). Upstream land use in the catchment area includes subsistence and commercial agriculture, schools, human settlements, hospital, garages, waste stabilization ponds (WSPs), brick making factories, sand and gravel mining. Brick making is usually done at the bank of the river. 
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Fig 1: Map of Otuocha in Anambra East Local Government Area, Anambra State Nigeria
Source: https://share.google/kvDM8z8tJWbWo4XQD 
2.2 Study Design
The design that was used is experimental. Two sampling seasons were employed (wet and dry seasons) and the samples were collected randomly from three points (inflow, middle and outlet) of the river. The wet season samples were collected between July and September, 2023 while for the dry season the samples were collected between December 2023 and February, 2024. 
2.3 Samples Collection
A total of twelve (12) composite samples were collected. These samples were collected from three different points of the river that is the inlet, the middle and outlet of the river using well labeled sterile rubber containers (1 litre) tied with a strong twine. Two samples were collected from each of the three sampling points each month. The containers for the samples were first rinsed with 70% ethanol and secondly with distilled water and lastly with the water to be sampled before collection of samples. In order to prevent contamination during the samples collection, laboratory coat, hand gloves and nose mask were worn. The samples were transported to the laboratory in an ice packed box where they were analyzed within five hours as described by WHO (2003).

2.4 Determination of Iron Concentration
This was determined using Multi Parameter Bench Photometer manufactured by HANNA (India). The required reagents were two packets of HI 93746-0 (low range iron reagent). The Iron method was selected using up and down keys of the photometer. One graduated mixing cylinder was filled up to the twenty-five milliliter mark with de-ionized water. The content of one packet of HI 93746-0 reagent was added to the cylinder and shaken vigorously for thirty seconds. This served as the blank. A cuvette was filled with ten milliliter of the blank and the cap replaced. The cuvette was placed into the holder of photometer and the lid closed, the meter was zeroed by pressing the Zero key and the cuvette removed. Another graduated mixing cylinder was filled up to the twenty-five milliliter mark with the sample. The content of one packet of HI 93746-0 reagent was added to the cylinder and shaken vigorously for thirty seconds. That was the reacted sample. A cuvette was filled with ten milliliter of the reacted sample and the cap replaced. The sample was inserted into the instrument and the Timer key was pressed and the display showed the countdown prior to the measurement. When the timer stopped, the meter displayed the reading in mg/1 of iron.

2.5 Determination of Lead Concentration
This was determined using Multi Parameter Bench Photometer manufactured by HANNA (India). The required reagent was HI 93740A-0 (low range lead reagent). The lead method was selected using up and down keys of the photometer. A cuvette was filled with 10 ml of unreacted sample and the cap replaced. The cuvette was placed into the holder of the photometer to zero the meter. The cuvette was removed and the content of one packet of HI 93740A-0 was added. The cap was replaced and shaken for 15 minutes. The cuvette was re-inserted into the instrument and the Timer key pressed, the meter gave the reading when the timer ended. The result was displayed in mg/1 of lead.

2.6 Determination of Zinc Concentration
This was determined using Multi Parameter Bench Photometer manufactured by HANNA (India). The required reagent was HI 93731A-0 (zinc reagent), HI 9373B-0 (cyclohexanone). The zinc method was selected using up and down keys of the photometer. One graduated mixing cylinder was filled up to twenty milliliter mark with the sample. The content of one packet of HI 93731A-0 zinc reagent was added and the cylinder closed and mixed by inverting several times. One cuvette was filled with ten milliter of the reacted sample and the cap replaced. The cuvette was inserted into the instrument to zero the meter by pressing the Zero key. The cuvette was removed and 0.5 milliliter of HI 93731B-0 cyclohexanone was added to the cuvette. The cap was replaced and the sample was mixed for 15 seconds and put into the instrument. The Timer key was pressed and the display showed the countdown prior to the measurement. The result was displayed in mg/1 of zinc. 

2.7 Determination of Copper Concentration
This was determined using Multi Parameter Bench Photometer manufactured by HANNA (India). The required reagent was HI 95747-0 (bicinchoninate). The copper method was selected using up and down keys of the photometer. A cuvette was filled with ten milliliter of unreacted sample and the cap replaced. The cuvette was placed into the holder of the photometer to zero the meter. The cuvette was removed and the content of one packet of HI 95747-0 bicinchoninate was added. This was replaced and the shaken for 15 minutes. The cuvette was reinserted into the instrument and the Timer key pressed, the meter gave the reading when the timer stopped. The result was displayed in mg/1 of copper.

2.8 Determination of Aluminum Concentration
This was determined using Multi Parameter Bench Photometer manufactured by HANNA (India). The required reagent was HI 93840-03 (aluminum). The aluminum method was selected using up and down keys of the photometer. A cuvette was filled with ten milliliter of un-reacted sample and the cap replaced. The cuvette was placed into the holder of the photometer to zero the meter. The cuvette was removed and the content of one packet of HI 93840-03 was added. The cap was then replaced and shaken for 15 minutes. The cuvette was reinserted into the instrument and the Timer key pressed, the meter gave the reading when the timer ended. The result was displayed in mg/1 of aluminum.

3. RESULTS AND DISCUSSION
The values of the heavy metals investigated in the water samples during the dry and wet seasons are presented in Table 1. The value obtained for iron was 0.43mg/l each in dry and 0.40 mg/l in wet seasons. The values obtained from lead were 0.07mg/l in dry and 0.06mg/l in wet season. The values obtained for zinc were 0.92mg/l and 0.88mg/l in dry and wet seasons respectively. The values obtained for copper were 0.08mg/l and 0.09mg/l in dry and wet seasons respectively. The values for aluminum were 0.14mg/l in dry and 0.13mg/l in wet season.


Table 1: Values of the heavy metals investigated in the water samples from Omambala River during the dry and wet seasons and the WHO standard

	Parameters
	Dry 
	Wet season 
	WHO standard (2006)


	Iron (mg/l)
	0.43
	0.40
	<0.3

	Lead (mg/l)
	0.07
	0.06
	<0.02

	Zinc (mg/l)
	0.92
	0.88
	<5.0

	Copper (mg/l)
	0.08
	0.09
	0.05-1.5

	Aluminum (mg/l)
	0.14
	0.13
	<0.20




The comparison of the average of the heavy metals during the dry and wet seasons with WHO standard (2006) are presented in Table 2. The average value of iron was 0.415mg/l while the WHO standard was 0.3mg/l. The average value of lead was 0.065mg/l while the WHO standard was 0.02mg/l. The average value of zinc was 0.90mg/l while the WHO standard was 0.50mg/l. The average value of copper was 0.08mg/l while the WHO standard was 0.05-1.5mg/l. the average value of aluminum was 0.14mg/l while the WHO standard was 0.20mg/l.



Table 2: Comparison of the average values of the heavy metals during the dry and wet seasons with WHO standard (2006)
	Parameters   
	Average values
	WHO standard (2006)

	Iron (mg/l)
	0.415
	<0.3

	Lead mg/l)
	0.065
	<0.02

	Zinc (mg/l)
	0.9
	<5.0

	Copper (mg/l)
	0.085
	<0.05-1.5

	Aluminum (mg/l)
	0.139
	<0.20




Heavy metals parameters investigated in the water samples from Omambala river during both seasons showed that the values obtained for lead and iron were above the WHO limits  and there was no change in the values due to change in season. There were slight change in the values for copper, zinc and aluminum during both seasons but these results were lower than the W.H.O. permissible limit.  The results obtained for copper and zinc agreed with the report of Kallol et al. (2005) who observed that dilution during rainy season reduced the metal concentration of samples from river Brahmani to a considerable extent but did not agree with values for lead and iron whose values did not change for both seasons. Presence of some of these metals in rivers could be from weathering of rocks or effluents from manufacturing companies.  Some of these metals such as iron, zinc and copper are beneficial to the human body but poses some health risks at a very high concentration (EPA, 2003).  Lead is a toxic metal that can be harmful to human health even at a very low concentration. Very high level of iron in drinking water could lead to the damage of the internal organs in humans. Zinc irritates the intestinal tract causing nausea and vomiting. High concentration of copper in water could lead to liver damage and also interferes with the production of red blood cells that carry oxygen to all parts of the human body. Aluminum at higher concentrations could affect the nervous system.

4. CONCLUSION AND RECOMMEDATIONS
4.1 Conclusion
The quality of the samples from the Omambala River studied was unacceptable since the level of some of the heavy metals analyzed such as lead and iron were above the WHO permissible limit for potable water. Very high level of iron in drinking water could lead to the damage of the internal organs in humans. Lead is a toxic metal that can be harmful to human health even at a very low concentration. 

4.2 Recommendations
Regulating activities around the Omambala River, such as the discharge of domestic, agricultural, and industrial wastes, is essential for decreasing the level of contaminants such as heavy metals in the water. Additionally, managing flooding through the construction of waterways and dredging the river will help mitigate the inflow of runoff after rainfall. It is crucial for both the government and community-minded individuals to assist residents living near the river by providing access to pipe-borne water. Furthermore, it is advisable to eliminate heavy metals from the river water using natural materials like spent coffee grounds, dried tea leaves, chestnut shells, and orange or lemon peels before consumption.
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